Solanum macrocarpon L is a fruit and leaf vegetable in sub-Sahara Africa. The genetic diversity of the crop remains largely unexploited consequently there is a dearth of genetic information on agronomic and fruit quality traits. Agronomic and fruit quality variability and association among traits were evaluated. Twenty -six accessions were grown in a randomized complete block design with three replications. Measurements taken on agronomic and fruit quality traits were subjected to a combined analysis of variance, Principal Component Analysis and grouping using Unweighted Pair Group Method Arithmetic Average using option Ward's. There were significant differences (P≤0.05) among the accessions for all the traits, while Genotype by Year Interaction (GYI) showed insignificant effects for most traits except plant height at flowering and maturity and seed yield. High broad sense heritability suggested the preponderance of both additive and non-additive genetic action for agronomic and fruit quality traits. The percentage contribution of agronomic traits toward the genetic diversity was maximum in plant height at flowering and plant height at maturity. Positive correlation coefficients was recorded between days to 50% flowering and fruit infructescence/plant (r = 0.45, P≤ 0.05). Dendogram analysis revealed three distinct groups with overlap of traits and no relationship between geographic location and phenotypic diversity. Hybridization among MM 268, MM 10256, MM 150 and MM 10161 may bring together gene constellations for earliness, fruit yield and delayed time to fruit browning. Superior genotypes are recommended for use in hybridization schemes for variety development and the subsequent molecular characterization
Introduction
Solanum macrocarpon L. (Gboma eggplant) (2n = 24) is classified in Solanum subgenus Leptostemonum; section Melongena and series Macrocarpa Bitter. It is cultivated throughout tropical Africa, especially in humid regions. The wild ancestor of S. macrocarpon L. is Solanum dasyphyllum Schum and Thon. The Gboma eggplant is distributed along the coast of West Africa (Ghana, Nigeria, Togo, Ivory Coast, Benin), East and South African countries (Malawi, Zambia, Zimbabwe and Mozambique) (Shippers, 2002) . The species Macrocarpon Solanum macrocarpon L. has not attracted the interest of researchers compared to other Solanum species (Tomatoes and Peppers). As an important underutilized leaf and fruit vegetable in sub Sahara Africa, production is hindered by dearth of improved varieties, susceptibility to biotic and abiotic stresses. Genetic information on agronomic and fruit quality variation in Gboma eggplant from Africa is limited, yet agronomic variation and relatedness usually reveals important traits of interest to plant breeders and variety development (Thormann and Osborn, 1992) . Prior to genetic improvement, evaluation of genetic resources was crucial for breeders to establish variation among individuals and selection of popular cultivars with reference to changes in consumer demand. Postharvest handling of fresh fruits is constrained by fruit flesh browning; this is associated with phenolic compounds in the fruit. Variation for fruit quality traits (fruit browning, fruit acidity and total soluble solids (Adeniji and Aloyce, 2012) usually depend on genetic and non-genetic factors (Bukenya and Carasco, 1994) . Field evaluation of accessions from different geographical locations may provide information on traits associated with specific environment. In this study, we examined variability among accessions of S. macrocarpon L. based on agronomic and fruit quality traits, determine association among agronomic and fruit quality traits, and identify promising accessions for specific and multiple traits.
Material and Methods
Seeds of 26 genotypes of S. macrocarpon L. received from different parts of Africa and Asia conserved in the gene bank of The World Vegetable Center and French Institute for Agricultural Research (Table 1) were used for field and laboratory investigations. These accessions are landraces in their respective places of collection and posses agronomic and fruit quality traits that could be of GENETIC DIVERSITY BASED ON AGRONOMIC AND FRUIT QUALITY 27 importance for variety development in this species. The entries are homogeneous for phenotypic traits. Agronomic investigations took place at Horticultural Research and Training Institute, Tanzania (4.9°S latitude, 3.7°E longitude; altitude. 1290 meters), during two consecutive years between June to November, 2009 and 2010. The experimental site received annual rainfall of 700 to 1000 mm during trial periods; soil was a well drained clay loam and slightly acidic (pH of 6.0 and 6.4). Seeds were sown in multipot seedling trays and maintained for three weeks. A randomized complete block design with three replications was used for field evaluation, each plot comprised three rows (ridges) of 7 m long and 0.75m spacing between rows. Vigorous and healthy seedlings at 3 weeks old were transplanted to the sides of the ridges. Agronomic and fruit quality traits were measured at different stages of growth. The number of days to 50% flowering was counted as the number of days from transplanting to attainment of 50% flowering. Plant height (m) was measured at 50% flowering and at maturity by random sampling of 15 vigorous plants per replicate. At harvest, plants in each net plot (3 m x 3 m) were used to determine the number of fruits/plant, fruits/infructescence and fruit infructescence/plant. Harvested fruits from each net plot were used to determine fruits/plant and fruit yield (t/ha). Fruit weight was measured on three randomly picked fruit per plant in grams. Fruit taste was determined on a two point scale of 1= Bitter and 2= Tasty by panellist of 20 farmers and consumers. Fruit acidity (pH) at commercial ripeness and at physiological maturity was measured by pH meter (meq citric acid/100 ml). The time (seconds) to fruit browning after cut was determined using a stop watch. The Total Soluble Solids (TSS) was measured using hand held refractometer from ten randomly picked fruits per entry at commercial ripeness and maturity. Seed mass/plant (grams) and seed yield (t/ha) were measured using appropriate balances. A combined analysis of variance (PROC -GLM procedure of SAS, (1998) was performed using replication as a random variable to determine the level of significance and the percentage of contribution of each component to the total variation. The Genotype (G), Year (Y), and Genotype by Year Interaction (GYI) were considered to be fixed-effects. To estimate the magnitude of genotypic variability for traits measured, genetic variance (σ 2 g), phenotypic variance (σ 2 p), genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV) and broad sense heritability were estimated using the formula described by Uguru (1995) . To determine the relative importance of agronomic and fruit quality traits in diversity, the principal component analysis was done prior to cluster analysis. Relationships among agronomic and fruit quality traits were studied by Principal Component Analysis (referred hereafter as PCA) (SAS, 1998) and UPGMA (Unweighted Pair Group Method Arithmetic Average) using option Ward's (Ward, 1963; Sneath, and Sokal, 1973; Sokal and Michener, 1958) for grouping. Each accession was considered as one OTU. Prior to multivariate analysis, agronomic traits were transformed to standard units (log transformation).
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Results and Discussion

Phenotypic Character Distribution
There were significant differences (P≤0.05) among the accessions for all the traits, while for Genotype by Year Interaction (GYI) significant (P≤0.05) and non-significant differences were found (Table 2) for traits. The accessions of Solanum macrocarpon L. showed large phenotypic variation (within and between years) in agronomic and fruit quality traits and mean performance. A similar trend of result was reported among Solanum aethiopicum sub groups (Adeniji, 2012) and Solanum melongena L. (Kumar and Arumugam, 2013) . Insignificant Year and Genotype by Year (GY) interaction for all traits except plant height at flowering implied that environmental variables during trial periods were consistent over years of evaluation and did not influence the phenotype of the accessions. Analysis of the variance components (Table 2) showed that estimates of phenotypic variances are larger than their corresponding genotypic variances for all traits. High manifestation of phenotypic variance compared with genotypic variance indicated a larger manifestation of environmental influence on genotypes during the growing period compared to genetic factors. Similarly, phenotypic coefficients of variations were larger than the genetic coefficients of variations, except for days to 50% flowering, seed yield and fruit inflorescence per plant. High proportion of phenotypic coefficient of variation indicated that variation observed among accessions was mainly due to environmental factors rather than genetic factor. Broad-sense heritability estimates (Table 2) were high for all traits, this implied the importance of these traits for selection of promising accessions. Heritability and genetic variance obtained in this study are important for selection of potential parents from the population. The fruits/plant was highest in MM872 (33) followed by MM1144 (31), although the fruit size was small (fruit length of 1.2 cm and fruit diameter of 1.8 cm in MM 10260) and large (fruit length of 6.0 cm and fruit diameter of 6.1 cm in MM 10161) ( 
Principal Component and Cluster Analysis
The relative discriminating power as shown by eigenvalues was high for the first three principal component axes with eigenvalues in excess of 2.20, altogether they explained 46% of the total variance (Table 4) . The large number of PCs implied narrow genetic base in the population. In the pooled analysis, the percentage contribution of agronomic traits toward the genetic diversity was maximum (45%) in plant height at flowering, followed by days to 50% flowering (37%), plant height at maturity (36%), fruit infructescence (34%). This showed the discriminatory power of plant height and length of time to flowering for selection and breeding. The first PC axis demonstrated inverse relationship between plant height (m) and seed yield (t/ha). In contrast a positive association was recorded among fruit infructescence/plant, plant height and days to 50% flowering. The fruit browning time (seconds) recorded negative coefficient low in magnitude on the first principal component axis. The second PC axis accounted for additional 16% of the unexplained variation in first principal component axis; and demonstrated high discriminatory power and positive variation for fruit browning (seconds) and fruits/plant, both traits showed negative correlation coefficient. Traits that contributed most to the first PC (plant height at flowering, earliness, height at maturity and fruit infructescence/plant) displayed negative correlation coefficient with the major traits of the second PC axis.
The projection of accessions on the plot of PC 1 by 2 showed distance among the accessions and variables responsible for the variation. Accessions along principal component axes 1 and 2 displayed a spread of accessions into four quadrants (Figure 1 ). Seven accessions were projected in the first quadrant, they displayed geographic heterogeneity. The spread of accessions in this quadrant demonstrated high variation for earliness, leaf length and leaf width and fruits/plant. They recorded moderate though positive coefficients on PC axes 1 and 2. In this quadrant, MM 268 was moderately separated from other entries with maximum contribution to variability, although this variation was low compared to entries dispersed in the second quadrant. The grouping of accessions in the second quadrant showed consistence with high variability and relationship for plant height at flowering and maturity, fruits infructescence/plant and fruit acidity at commercial harvest and maturity. The accessions in the third quadrant displayed relationship for seed yield (t/ha) and fruit width (cm). MM12209 and MM10161 displayed large variation for earliness and fruit browning. The fourth quadrant displayed geographic heterogeneity and high variation for fruit browning (seconds), fruit yield (t/ha) and fruit taste. The multivariate techniques (PCA and dendrogram) detected phenotypic distinctness, similarities, and overlap of agronomic and fruit quality traits. Dispersion on the plot of PC 1 by 2 (Figure 1) is consistent with the range of variation and broad genetic base of the accessions. Plant height at flowering and length of time to flowering were attributed toward genetic distance among accessions and contributed largely to differentiation of all the genotypes into the four quadrants. The dendrogram drawn for 26 accessions ( Figure 2 ) based on agronomic and fruit quality traits showed similarity with the ordination of the accessions on the plot of principal component axes 1 and 2. (Figure 1 ). The dendrogram showed three distinct groups with overlap of agronomic and fruit quality traits within cluster and between clusters. The 26 accessions were ordered into three clusters at 15% level of phenotypic distance. The first cluster was divided into two sub -clusters 'a' and 'b', MM1144, MM856 and MM10260 to sub cluster 'a' while MM268, 10256 and MM 150 to sub-cluster 'b'. Eleven accessions starting from MM905 to MM1132 were grouped in second cluster, which was divided into 3 sub clusters. MM905, MM 1127, MM12209 to MM714 were ordered into sub cluster 'a', while MM10351, MM 12302 and MM872 to sub cluster 'b' and MM10161 and MM1132 were grouped in to sub cluster 'c'. The third cluster was divided into two groups, CR006, MM11044, MM10252, MM1615, MM10251 and S00052 to group 'a' and CN012 and CR001 to group 'b'. MM11044 and CR005, MM1615 and MM10251, CN012 and CR001 are most related at 2%, 4% and 6% distance respectively. The study showed that within and between clusters accessions from different ecogeographic regions with high level of agronomic similarities and overlap were grouped, this indicated geographic heterogeneity. Similarly agronomic and fruit quality traits were not restricted to a specific geographic location. Dispersion and overlap among accessions of Solanum macrocarpon for agronomic and fruit quality traits mirrored phenotypic variation reported in this species (Shippers, 2002) . The magnitude of genetic dissimilarity found among the accessions indicated that genetic improvement of earliness, fruit yield (t/ha), seed yield (t/ha), fruit taste, fruits/infructescence, fruit infructescence/plant and fruit browning will be feasible.
Inter cluster hybridization will help to develop desirable segregants, for example, accessions belonging to clusters 1'b' and 2 'c' may aggregate genes for earliness, fruit length, fruit diameter, fruits/plant, seed yield (kg), fruit browning and fruit yield (t/ha). Similarly, inter cluster hybridization among members of cluster 1 'b' and cluster 3 may probably develop hybrids with superior fruit diameter (cm), seed yield (kg), fruit yield (t/ha) and fruit browning. Plant height, fruits/ infructescence and earliness contributed most to cluster constellation and variation among accessions, these traits and are not restricted to provenance. Hybridization among clusters may evolve desirable variations upon which selection can be made for variety development. For genetic improvement in fruit yield, it is worthwhile to select accessions grouped in cluster 1 'a' as donor parents. Members of cluster 1 'b' and cluster 3 are superior for plant height; the former showed greater potential for fruit length (cm), fruit diameter (cm) and fruits/plant. Considering fruit infructescence/plant and plant height (m), members of cluster 3 are potential donor parents. If genetic improvement was in favour of fruit taste (sweet) and high sugars (high pH value), accessions grouped in clusters 1 'a' and 2 'b' may be considered as donor parents. Accessions ordered in cluster 1'b' constituted early maturing group, and are donor parent for earliness, fruit length and diameter. Specific use of MM150, MM10256 (cluster 1'b') and MM12209 (cluster 2'a') as source of gene for earliness, may evolve segregating population upon which selection of maturity groups can be advanced. Members of cluster 1 'a' and 3 are potential donor parent for delayed maturity, fruit and seed yield and direct commercialization. Distinctively MM10260 performed best for fruit yield (t/ha) compared to other accessions. The absence of duplicates provided evidence that these accessions are distinct and could be conserved for future genetic studies, specifically for molecular analysis of diversity.
Conclusion
The overall importance of the investigation was related to quantification of agronomic and fruit quality diversity, identification of promising traits and accessions for genetic improvement. Both type of analyses i.e., variance component and multivariate diversity provided good insight on the magnitude of variation, similarities and distinctness among the accessions. Agronomic and fruit quality traits investigated showed ample variation among the accessions. The best performing accessions for single and multiple traits i.e. earliness, fruit number, fruit yield and fruit infructescence in this population evaluated were identified and potential donor parents for further genetic improvement of Gboma eggplant through hybridization.
